[Purpose] The purpose of this study was to investigate the effect of cognitive function on Activities of Daily Living (ADL) of post-stroke patients.
INTRODUCTION
In rehabilitation training, accurate assessment of cognitive function is vital to design strategies for the rehabilitation and prediction of activities of daily living (ADL), because stroke results in general impairment including physical and cognitive impairment 1) . Perceptive and cognitive impairments are the primary factors that hinder successful rehabilitation of stroke patients even though complete recovery of physical function has been achieved 2, 3) . Thus, training to improve cognitive function is essential for successful rehabilitation 4) .
In practice, various tools are used to evaluate the cognitive impairment of stroke patients. The Mini-Mental State Examination (MMSE) is useful for evaluating patients with neurological deficits; it is widely utilized because of its ease of use and simplicity 5) . Appelros 6) studied the correlation of the MMSE scores a year after stroke onset with main types of stroke, pre-stroke cognitive impairment, unilateral neglect, functional outcome, and memory problems in 232 stroke patients. The results showed that although MMSE scores had a low correlation with memory problems, there was a strong correlation between MMSE scores and functional outcomes. Arciniegas et al. 7) also reported that MMSE is a useful assessment tool for measuring the cognitive performance of stroke patients.
However, MMSE does not distinguish between dementia and depression, and it is not a practical tool for making a definitive diagnosis 8) . MMSE can only assess the areas of basic functioning, such as orientation, memory, attention, calculation, language, comprehension and judgment 9) . In addition, executive dysfunctions like apraxia and language disorder, decrease the accuracy of evaluation, and it is difficult to identify mild cognitive dysfunction using MMSE 5) .
The Loewenstein Occupational Therapy Cognitive Assessment (LOTCA) is a widely used assessment tool for accurate, and detailed evaluation of cognitive function. It not only allows the evaluation of basic cognitive skills but also allows the evaluation of high level functions [10] [11] [12] . LOTCA is a cognitive assessment battery which was developed from clinical experience at the Lowenstein hospital in Israel. It can assess each subset of cognitive function − orientation, perception, praxis, visuomotor organization, thinking operation, memory, and attention/concentration, and can evaluate the degree of cognitive impairment 10) . Recent studies have suggested that there are difficulties associated with the use of this battery for the elderly population. The LOTCA was difficult to manipulate, and the battery as a whole is too long. The Lowenstein Occupational Therapy Cognitive Assessment for Geriatric Population (LOTCA-G) has been developed in recent years to address these weaknesses 13) . The reliability and validity of LOTCA-G have been reported, and also the correlation between LOTCA-G and MMSE 11) . However, no reports are available of the association between LOTCA-G scores and ADL skills.
Therefore, we investigated the correlation between cognitive function as measured using the LOTCA-G and ADL skills assessed by Modified Barthel Index (MBI). The effect of each cognitive function subset on ADL performance was also assessed.
SUBJECTS AND METHODS
A total of 60 stroke patients (34 men, 26 women) who were admitted to the stroke unit of a rehabilitation department in Korea between January 2010 and October 2011 were included in this study. All patients were admitted from acute care wards after their medical conditions had stabilized, usually within 3 weeks after stroke onset. The exclusion criteria were: significant difficulties in language expression or comprehension, severe dementia, serious visual impairment or hearing disorder.
Cognitive function was measured using the Loewenstein Occupational Therapy Cognitive Assessment for Geriatric Population (LOTCA-G) and the Mini-Mental State Examination (MMSE).
LOTCA-G is primarily used by occupational therapists to assess cognitive function after stroke and other brain injuries. It has a standardized battery of perceptual tests which are used to assess persons with brain injuries (head injury, stroke). LOTCA-G consists of 7 major areas containing 24 items. The items are specifically related to the patient's rehabilitation potential. The areas investigated are orientation, perception, praxis, visuomotor organization, thinking operation, memory and attention and concentration. Each subset is scored, and the total score ranges from 24 to 104. The test provides information about the patient's abilities and deficiencies and about his/her capacity to cope with everyday and occupational tasks 10) .
MMSE is a used for the assessment of the cognitive functions. MMSE evaluates the following six areas: orientation, memory, attention, calculation, language, and construction functions. The total score ranges between 0-30 5) .
ADL performance was measured using the Modified Barthel Index (MBI).
The Modified Barthel Index (MBI) evaluates 10 different areas of ADL: feeding, transfer, grooming, toilet use, bathing, mobility, stair climbing up and down, dressing, and bowel and bladder control. The total score ranges between 0-100. A higher score shows better performance of ADL 14) .
LOTCA-G assessment was conducted within the first week of admission by three occupational therapists. A therapist examined patient's cognitive function, one on one, in a very quiet room to enable them to concentrate. A therapist sat across the table from or side by side depending on the patient's attitude. The praxis test was performed sitting face to face due to the nature of the test. The LOTCA-G assessment took 30 to 40 minutes to complete.
Data analysis was performed using SPSS for Windows version 18.0. Descriptive statistics were used to describe patient's characteristics. One-way ANOVA was used to compare differences in parameters related to the cognitive (MMSE) level. Pearson's correlation coefficient was used to assess the relationship between MBI and LOTCA-G. Multivariate regression analysis was used to identify factors related to ADL performance. A significance level of 0.05 was used.
RESULTS
Demographic data of subjects are summarized in Table 1 .
Differences in ADL performance (MBI) related to cognitive level (MMSE)
There were significant differences between groups categorized in MBI by MMSE (p=0.001). The results of the post hoc test show significant differences in MBI between the severe cognitive impairment group (MMSE score: ≤9) and the moderate cognitive impairment group (MMSE score: [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , between the severe cognitive impairment group (MMSE score: ≤9) and the mild cognitive impairment group (MMSE score: [21] [22] [23] [24] , between the severe cognitive impairment group (MMSE score: ≤9) and the cognitively intact group (MMSE score: ≥25), between the moderate cognitive impairment group (MMSE score: [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and the mild cognitive impairment group (MMSE score: 21-24), and between the moderate cognitive impairment group (MMSE score: 10-20) and the cognitively intact group (MMSE score: ≥25) (p<0.05) ( Table 2) .
Correlation between MBI and LOTCA-G; Multivariate regression − dependent variable (MBI)
The results show that the MBI total score was highly correlated with orientation (r=0.419, p=0.001), perception (r=0.472, p=0.000), motor praxis (r=0.342, p=0.008), visuomotor organization (r=0.464, p=0.000), thinking operation (r=0.439, p=0.000), and attention and concentration (r=0.387, p=0.002) ( Table 3 ). Regression analysis showed that perception was the primary explanatory variable of ADL performance (β =1.508, p=0.000).
DISCUSSION
The ultimate goal of stroke rehabilitation is for patients to gain independence in performing ADL after returning to their communities and homes 15) . Thus, various studies concerning the ADL performance of stroke patients have been conducted.
ADL performance requires strength, mobility, coordination, and several fundamental cognitive skills 11) , and it has been suggested that cognitive function has the greatest impact on ADL performance 16) . Zinn et al. 17) found that cognitively impaired patients had poor ADL performance compared to those without cognitive impairment at 6-month follow-up, despite having received similar rehabilitative care. Moreover, Alladi et al. 18) reported that cognitively impaired patients were unable to use their cognitive skills effectively during motor learning because cognitive function acts on motor processes in a complex and dispersed manner. Thus, in the present study, to determine the changes in ADL performance according to cognitive function 19) . The results show that MBI scores changed significantly with the MMSE total score (p=0.000). The results of the post hoc test show there were significant differences between the severe cognitive impairment group (MMSE score: ≤9) and the moderate cognitive impairment group (MMSE score: [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , between the severe cognitive impairment group (MMSE score: ≤9) and the mild cognitive impairment group (MMSE score: [21] [22] [23] [24] , between the severe cognitive impairment group (MMSE score: ≤9) and the cognitively intact group (MMSE score: ≥25), between the moderate cognitive impairment group (MMSE score: 10-20) and the mild cognitive impairment group (MMSE score: [21] [22] [23] [24] , and between the moderate cognitive impairment group (MMSE score: 10-20) and the cognitively intact group (MMSE score: ≥25) (p<0.05). To summarize, it is important to evaluate the cognitive function after stroke, because cognitive impairment heavily influences ADL performance.
Although many studies have reported that cognitive function affects ADL performance 11, 15, 17, 20) , very little is known about the areas of cognitive function that directly affect ADL performance. Therefore, the present study examined cognitive areas affecting ADL performance using the LOTCA-G. The results show that the MBI total score was highly correlated with orientation (r=0.419, p=0.001), perception (r=0.472, p=0.000), motor praxis (r=0.342, p=0.008), visuomotor organization (r=0.464, p=0.000), thinking operation (r=0.439, p=0.000), and attention and concentration (r=0.387, p=0.002). We also found that various other sub-items of cognitive function influenced ADL performance. Perception was the primary explanatory variable of ADL performance according to regression analysis (β =1.508, p=0.000). Perception is a fundamental cognitive area in which object characteristics are identified and compared to established information to form a hypothesis 21) . It is believed that impairment of perception results in difficulties in ADL performance, and perception is a major predictive variable 22) . We speculated that stroke causes impairment of the perception of space, rendering patients confused about the relationship between their bodies and the surrounding environment and eventually influencing ADL performance of tasks such as dressing, personal hygiene, and walking. The results of a previous study suggest that perception training of parietal lobe-damaged hemiplegic patients improves independence of ADL performance 23) . Although impaired cognitive function of stroke patients may recover over time, previous studies have reported that the cognitive function and ADL performance improve after cognitive training 24) . Thus, the detailed assessment of the cognitive function of stroke patients is necessary, and cognitive rehabilitation (especially perception) should be emphasized for stroke patients to improve their overall functional recovery. Our study had several limitations regarding information on factors that may influence cognitive function. These include the lack of extensive demographic data (e.g., education levels, ethnicity, and socioeconomic status) and the fact that we did not try to ascertain potential confounding factors such as neuropsychiatric condition (i.e., depression, anxiety, and substance use). Future studies should include systematic evaluation of these.
